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Abstract  Multiple-input  multiple-output  (MIMO)  wireless  communication  provides  a 
number  of  advantages  over  traditional  single-input  single-output  (SISO)  approaches, 
including  increased  data  rates  for  a  given  total  transmit  power  and  improved 
robustness  to  interference.  Many  of  these  advantages  depend  strongly  upon  the 
details  of  the  receiver  implementation.  For  practical  communication  systems  a 
competition  between  communication  performance  and  computational  complexity 
exists.  To  reduce  computation  complexity,  suboptimal  receivers  are  commonly 
employed.  In  this  paper,  the  details  of  a  variety  of  receivers  are  incorporated  into 
the  effects  of  the  channel  so  that  information-theoretic  performance  bounds  can 
be  exploited  to  evaluate  receiver  approaches.  The  performance  of  these  receivers 
is  investigated  for  a  range  of  environments.  Two  classes  of  environments  are 
considered:  first,  channel  complexity,  characterized  by  the  shape  of  the  narrowband 
channel-matrix  singular-value  distribution,  and  second,  external  interference. 
Receiver  approaches  include  minimum-mean-squared  error,  minimum  interference, 
and  multichannel  multiuser  detection  (MCMUD),  given  various  assumed  limitations 
on  channel  and  interference  estimation.  Receiver  performance  implications  are  also 
demonstrated  using  experimental  data. 
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Not  All  MIMO  Receivers  Are  Equal 
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•  “Standard”  MIMO  receivers  perform 
badly  in  difficult  environments 

-  Ignore  the  possibility  of  jamming  or 
external  interference 

-  Lower  computational  complexity 

•  “Optimal”  MIMO  receiver  barely 
affected  by  jamming 
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The  Channel  Matrix 


•  Channel  matrix,  H,  contains  complex 
attenuation  between  each  transmit  and 
receive  antenna 

z(t)  =  H  x(t)  +  ra(t) 

•  Large  channel  matrix  singular  values  are 
useful 
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Channel  Complexity  Parameterization 


•  Gaussian  channel  matrix,  G 

•  Simulate  more  realistic  eigenvalue  distributions  by 
introducing  spatial  correlation 

-  Parameterized  by  a 

•  Modified  parameterized  random  channel  matrix,  F 
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-  Multiple  access  interference 
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-  Jamming 

Iterative  decoder 

-  Estimation  subtraction 
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Performance  Comparison 


•  MMSE  has  only  slight  loss 
compared  to  MCMUD 

•  Ml  performs  badly 
particularly  at  lower  SNR 


Versus  MCMUD 
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Performance  Comparison 
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•  Study  2  regimes  of  channel 
complexity 

—  a  =  1 

—  a  =  0.5 

•  Significant  losses  for  both 
Ml  and  MMSE  at  lower 
channel  complexity 
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•  2  Noise  Jammers  (25  dB  JNR) 

•  Moving  transmitter  (25  mph) 

•  Error-free  2b/s/Hz  data-link 

•  MCMUD  near  performance  of 
jammer-free  environment! 

•  Interference-blind  &  Ml 
receivers  perform  badly 
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Summary 


•  Presented  overview  of  robust  MIMO  communication 

•  Introduced  bounds  for  variety  of  MIMO  receivers 

-  MMSE 

-  Ml 

-  MCMUD 

•  MCMUD  advantage  significant  in  many 
environments 

-  Spatially  correlated  channels  (rate  improvement  >  70) 

-  Interference  (rate  improvement  >  5) 

-  Jamming  (rate  improvement  >  1000) 

•  Demonstrated  experimental  MCMUD  immunity  to 
jamming 
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